Background: His bundle pacing (HBP) is a recently developed pacing technique that can achieve an ideal physiological pattern of ventricular activation via stimulation of the native His-Purkinje system. Despite the widespread introduction of HBP in clinical practice, its appropriate indications are yet to be determined clearly. Moreover, the efficacy and safety of HBP and long-term prognosis of patients undergoing such are unknown. Methods: We conducted a multicenter observational prospective study in patients undergoing HBP in Japan. Patients with atrioventricular block or conduction delay and estimated ventricular pacing of ≥ 40% scheduled for HBP implantation are included. All patients are followed up until 3 years after the implantation. The primary endpoints are all-cause death, heart failure-related hospitalization, and upgrade to cardiac resynchronization therapy. The secondary endpoint is changes in cardiac function based on echocardiographic findings and laboratory data after the implantation. Results: The results are currently under investigation. Conclusions: This multicenter observational study evaluates the long-term prognosis and changes in cardiac function of patients undergoing HBP implantation in a clinical setting. Considering the large number of patients included, the cumulative results would be helpful in establishing evidence on HBP application in this area and consequently allow accurate management and treatment of patients undergoing HBP. K E Y W O R D S atrioventricular block, His bundle pacing, pacemaker, prognosis | 761 YANAGISAWA et Al.
| INTRODUC TI ON
His bundle pacing (HBP) is a recently developed pacing technique used in clinical practice. It aims to achieve an ideal physiological pattern of ventricular activation by stimulating the native His-Purkinje system via fixation of the lead directly to the conduction system. Compared with conventional right ventricular pacing (RVP), HBP can shorten the pacing QRS duration and induce physiological ventricular activation, resulting in reduction of ventricular and atrioventricular dyssynchronies and hemodynamic improvement. 1 The clinical application of HBP in humans has been recently initiated; the use of recently introduced and specially designed pacing lead and sheath can help in performing HBP with reasonable success rates. 2, 3 To date, several outcomes supporting the use of HBP have been gradually reported; however, only a few studies have investigated this technique. HBP has been reported to improve the New York Heart Association classification, 6-minute walk test findings, quality of life, and left ventricular ejection fraction (LVEF) when compared to that achieved with RVP in crossover-design studies. 4, 5 A recent study demonstrated that HBP was associated with a significant decrease in hospitalizations owing to heart failure, especially in patients requiring ventricular pacing at >20%, in comparison with RVP. 6 The updated ACC/AHA/HRS practice guideline suggested that using HBP and cardiac resynchronization therapy (CRT) is reasonable in patients with atrioventricular block as an indication for permanent pacing with an LVEF of 36%-50% and expected ventricular pacing of >40%. 7 Additionally, HBP may serve as an alternative therapeutic option in patients with bundle branch block and heart failure with reduced ejection fraction, which is a traditional indication for CRT. [8] [9] [10] [11] Left bundle branch block was successfully corrected with QRS duration narrowing with the use of HBP in a large number of patients recent study. 8 This may be based on the hypothesis that the His bundle may have a longitudinal dissociation separated by the right and left bundle branches at the main His trunk. 12 His conduction system injury may be located in relatively paroxysmal sites, and stimulation of the distal site using pacing lead over the injury site could correct conduction delays, improving the QRS duration.
However, the abovementioned results were reported in very recent studies with a nonrandomized, a crossover, or an observational design. These studies were conducted in hospitals with well-experienced trained experts who have treated a large number of patients with HBP. [13] [14] [15] [16] It is unknown whether the high success rate of HBP implantation (≥80%-90%) in hospitals would be similar to that in other nontertiary hospitals in clinical settings. Moreover, the follow-up period after HBP was relatively short, and the long-term outcomes of HBP remain to be elucidated. In addition, this procedure has some disadvantages. An increased pacing threshold in HBP was more likely to be observed after the follow-up period, which could cause early battery loss, early generator replacement, and lead revisions. 13 In progressive conduction diseases, including cardiac sarcoidosis, amyloidosis, and acute myocardial infarction, future occurrence of distal site blocks from the pacing site after implantation may be expected, raising concerns regarding the permanent stability of HBP.
Despite the widespread introduction of HBP in clinical practice, its appropriate indications are yet to be determined clearly. Therefore, a multicenter prospective study on HBP in a large sample with a long follow-up period in the real-world clinical setting was needed. Thus, this study was prospectively conducted to evaluate the prognosis of patients receiving HBP in multiple centers. We also assess the changes in cardiac function after HBP implantation in these patients.
| ME THODS

| Objective
This study was designed as a multicenter prospective observational study (UMIN Clinical Trials Registry; UMIN 000,035,534). The objective of the study was to evaluate the long-term prognosis and changes in cardiac function of patients undergoing HBP implantation in a clinical setting.
| Study population
This multicenter study was conducted in eight institutions in Japan 
| Baseline evaluation
The baseline demographic and characteristics of the patients are assessed. Echocardiographic findings (ie, LVEF, left atrial diameter, left ventricular endo-diastolic/-systolic diameter, and left ventricular endo-diastolic/-systolic volume) and laboratory data (ie, B-type natriuretic peptide level or NT-pro B-type natriuretic peptide level) are also assessed. The detailed parameters are shown in Table 1 .
During the HBP procedure, HBP parameters, including His bundle threshold, R-wave sensing, QRS duration, pacing morphology (selective HBP/nonselective HBP/RVP), and procedure time are evaluated ( Table 1 ). The patients' data are input in an electronic data capture system that created by Mebix, Inc., Tokyo, Japan. All data are collected and managed with anonymization for principal investigators and coinvestigators in all institutions.
| HBP implantation
The HBP procedure is performed in accordance with the standard method. After obtaining venous access, the specialized pac- 
| Follow-up evaluation after implantation
| Endpoints
The primary endpoints were all-cause death, heart failure hospitalization, and upgrade to CRT after the 3-year follow-up (long-term prognosis). The secondary endpoint was changes in cardiac function based on echocardiographic findings and laboratory data at 6 months after the procedure (short-term prognosis).
| RE SULTS
The results are currently under investigation.
| D ISCUSS I ON
In Japan, HBP was introduced in 2017, and the number of HBP implantations performed for conduction diseases has been gradually increasing. There were several reports of unique observations in patients who received HBP, and studies with small sample sizes in single centers in Japan. [19] [20] [21] [22] [23] [24] However, the long-term performance, efficacy, and safety of HBP in Japanese patients are unknown.
Conversely, several recent reports demonstrated favorable outcomes with high success rates of HBP in the United States and Europe. The acute technical success rate of HBP was reported as approximately 90% in more than 100 experienced cases. 6, 14, 15 However, one study that investigated 21 patients with heart failure and reduced ejection fraction who were suitable candidates for CRT reported a slightly low acute success rate of HBP (76%);
this may indicate a difficulty in HBP application for complex patients with several comorbidities even in specialized cardiovascular centers. 9 Another study showed an acute success rate of 75%
for the first HBP implantation by electrophysiologists and lower achievement of HBP in patients with bundle branch block and complete heart block, indicating the need for some learning curve for HBP even among electrophysiologists. 25 Moreover, to date, the maximum follow-up period after HBP is 5 years, and most studies have used a follow-up duration of several years. 13 At the chronic phase after HBP, 5 of 100 patients (5%) required lead revision during a mean follow-up period of 19 months. 15 The causes were lead dislodgement, loss of capture, and increase in the pacing threshold. Another study reported that 14 of 304 patients (4.2%) who received HBP required lead revision during a mean follow-up period of 754 days in an experienced institution. 6 A recent study with long-term follow-up showed a significantly higher incidence of lead revision and generator replacement in the HBP group than in the RVP group. 13 These reported rates of lead revision do not seem to be high, but are not low enough in reference to those 
| CON CLUS IONS
We conducted this multicenter observational study with a long fol- 
